Purpose Some non-Western immigrant groups in Europe have elevated risk of psychosis relative to native-born. It is hypothesized that neighborhood ethnic density moderates this risk. Immigration to Sweden has increased substantially recently, particularly from the Middle East. This study examined the relationship between neighborhood ethnic density (i.e., living in an immigrant enclave) and risk of psychotic and affective disorders among three groups: Iraqi immigrants, immigrants from other nations, and native-born Swedes. Methods Individuals aged 15-60, without prevalent psychopathology, were drawn from Swedish population-based registries and followed from 2005 to 2010 (N = 950,979). Multi-level logistic regression was used to examine the association between neighborhood ethnic composition and incident psychopathology. 
Introduction
There is a growing appreciation of the role of contextual factors (neighborhood factors) on risk of psychopathology. Numerous studies have shown that urbanicity, neighborhood socioeconomic deprivation, and neighborhood social disorganization are associated with risk of both psychotic and affective disorders [10, 18, 20, 21, 26] .
Neighborhood ethnic composition-the degree to which one's neighbors are of the same ethnic background as Electronic supplementary material The online version of this article (doi:10.1007/s00127-015-1107-1) contains supplementary material, which is available to authorized users.
oneself-has emerged as potential contributor to psychopathology, particularly for racial/ethnic minorities [40] . There are two competing hypotheses about the relationship between neighborhood ethnic composition and psychopathology among ethnic minorities [13, 24] . The ethnic density hypothesis postulates that ethnic minorities who live in neighborhoods with a high concentration of people from their same ethnic background will have lower risk of psychopathology than those who live in majority-populated neighborhoods because of shared cultural values, language, and social support with their neighbors [4, 6, 40] and/or reduced exposure to racism and discrimination [3] . This hypothesis argues that, particularly for immigrants who have limited knowledge of the customs and language of their host country, living near individuals of their same ethnicity provides a social network buffer against stressors and serves as a resource for socioeconomic advancement. Conversely, the residential segregation hypothesis holds that ethnic minorities who live in neighborhoods with a high ethnic density have higher risk of psychopathology than those who reside in majority-populated areas because these neighborhoods are generally more economically disadvantaged, have higher rates of crime, have restricted access to the labor market, and have fewer positive resources [40, 43] .
Ethnic enclaves may be particularly important to the mental health of immigrants because they provide a resource in terms of cultural goods, language, and kinship or social networks [22] . Enclaves are generally conceptualized as transitional spaces, in which individuals or their offspring leave as they become more acculturated to the host nation; alternatively, Logan, Zhang, and Alba [22] defined an ethnic enclave as one in which ethnic minorities, particularly second generation and beyond, may choose to live in despite having the ability to live in a more integrated setting [9, 22] . The process of spatial assimilation varies across immigration groups and has changed over time as the source of immigrants to the United States and Northern and Western Europe has shifted from Eastern European countries to Asian, African, and Latin American nations [16, 34] . This indicates that new research on the determinants of mental health of racial/ethnic minority immigrants is needed as prior work may have limited applicability to the modern immigration experience.
Previous research indicates that the relationship between neighborhood ethnic composition and psychopathology varies by ethnic group and geographic location [6] . In the US, there is modest evidence that neighborhood ethnic composition is protective for depressive symptoms among Latinos [24] . In contrast, most studies indicate that living in neighborhoods with high concentrations of African Americans is associated with higher prevalence of depression among this group [24] , reflecting the fact that these neighborhoods are often socioeconomically disadvantaged and formed largely by a process of racial segregation rather than coalescing around a shared social identity [25] . In the UK and the Netherlands, where immigrants from Afro-Caribbean and North African backgrounds, respectively, have elevated risk of non-affective psychosis, there is suggestive evidence that this risk is mitigated by living in neighborhoods with high density of ethnic immigrants [3, 20, 31, 41] . However, an important limitation of many prior studies stems from the way ethnic enclaves are defined and identified. Many studies rely on convenience measures of ''neighborhoods'' (e.g., Census tracts) that often do not correspond to a social space, many have failed to account for the correlations in contiguous space, and often enclaves are identified by quantitative metrics alone (i.e., percent of the neighborhood population that is immigrant) rather than identifying qualitatively distinct geographic areas (i.e., distinct clusters of individuals with the same ethnic background).
The diversity of the Swedish population has increased substantially in the past 25 years. Today, nearly one in five Swedish residents is of foreign nationality [35] and Sweden has become one of the main accepters of asylum seekers from conflict areas of the Middle East, particularly Iraq [35] . Parallel to this influx of immigration, income inequality has grown faster in Sweden than in any other industrialized country [30] . Recent civil unrest by predominantly young Middle Eastern immigrants in Stockholm has brought the relationship between the social and economic position of immigrants and satisfaction and life outlook to the political forefront [15] . This confluence of increasing diversity and income inequality makes Sweden a particularly relevant place to investigate the relationships between immigrant ethnic enclaves and psychopathology.
The aim of this study was to assess whether living in an immigrant ethnic enclave moderates risk of two classes of psychiatric disorders, non-affective psychosis and affective disorders, among first-and second-generation immigrants and native Swedes from 2005 to 2010. Specifically, we sought to test the ethnic density vs. residential segregation hypotheses and contrast the findings for three distinct populations: Iraqi immigrants, immigrants of other nations, and native-born Swedes. This analysis focuses on Iraqi immigrants because this population is the largest nonEuropean migrant group in Sweden (and the largest among asylum seekers) during the study period [28] , and because Iraqi immigrants are among the least socially integrated migrant groups [11] . Finally, we chose to focus on a single nationality to account for migration history differences (e.g., asylum vs. employment driven) that vary across immigrant groups.
Methods Sample
The study population was derived from nationwide registry data linked at the Centre for Primary Health Care Research at Lund University in Malmö Sweden [21, 36] . National census data in 2005 (e.g., age, sex, marital status, education, household income and nationality) were linked to a Geographic Information Systems (GIS) database which covers the entire nation. All residential addresses in Sweden have been geocoded to small geographic units that have boundaries defined by homogeneous types of buildings. These neighborhood areas, called Small Area Market Statistics (SAMS), have an average of 1000 people (2000 in the Stockholm area) and were used to approximate neighborhoods [36] . All linkages were performed using an individual national identification number that is assigned to each person (including immigrants upon settlement) in Sweden for their lifetime, which was replaced by a random serial number for analysis to provide anonymity.
The Swedish Census records nation of birth but not other characteristics of race/ethnicity. To identify the three subpopulations of interest-first-and second-generation Iraqi immigrants, first-and second-generation immigrants from other nations, and native Swedes-the Census data were linked to the Multi-Generational Registry (MGR). The MGR identifies each individual's mother and father (if known) and place of birth. 'Native Swedes' were defined as individuals who were born in Sweden (2nd generation) and both of whose parents were also born in Sweden (1st generation). Iraqi immigrants were defined as individuals who were either born in Iraq (1st generation) or who had at least one parent who was born in Iraq (2nd generation). Similarly, members of other immigrant groups were defined as individuals who were either born outside of Sweden (1st generation) or who had at least one parent who was born outside of Sweden (2nd generation), excluding Iraq. The 10 most common non-Iraqi immigrant groups represented in this analyses were from Finland (25 %), countries in Asia (other than Turkey, Iran or Iraq) (10.9 %), countries in Africa (8.5 %), Yugoslavia (7.2 %), Iran (6.4 %), Poland (5.0 %), Turkey (4.0 %), Bosnia (3,8 %), Chile (2.7 %) and nations in South America (other than Chile) (2.7 %).
This analysis is restricted to individuals aged 15-60 living in the three most populated municipalities in Sweden: Stockholm, Malmö, and Goteborg. Approximately 17.9 % of the Swedish population resides in these areas. The total number of SAMS included was 1,490 (N = 950,979 people). The analytic sample is restricted to individuals with no history of non-affective psychosis (for the non-affective psychosis analysis) or affective disorder (for the affective disorder analysis) in 2004 (1 year before follow-up began).
This study is approved by the Institutional Review Board at the Centre for Primary Health Care Research at Lund University.
Measures

Immigrant enclaves
There are various approaches to quantifying neighborhood ethnic composition, and an enclave generally does not indicate that the majority of the neighborhood is of the same ethnicity [22] . Rather, Borjas [5] argued that an immigrant enclave is a neighborhood in which the probability that an immigrant resides there is more than twice the probability of an immigrant living in other areas; that is, enclaves can be defined as areas with a relatively higher proportion of immigrants as compared to surrounding areas.
Iraqi immigrant enclaves were defined using GIS methods. The number of the Iraqi immigrants (first or second generation) in each SAMS was used to identify ethnic enclaves using the Moran Index (MI) [2, 22] . The MI is a measure of relative similarity across areas (spatial autocorrelation), which ranges from -1 to ?1. The probability of these values follows an approximately normal distribution and produces a z-score and associated p value. Positive MI values indicate that a neighborhood characteristic (e.g., number of Iraqi immigrants) is more similar to its neighboring areas than expected under the null hypothesis of a random distribution of attributes [29] . This SAMS is then considered part of a cluster, or enclave.
Negative MI values indicate that a SAMS is more dissimilar to its neighboring areas under the null; this SAMS is an outlier. Only clusters with positive MI values and p values \0.05 were considered enclaves for this analysis.
Using this approach, each SAMS was identified as either being an Iraqi enclave or not. We identified 15 enclaves in Stockholm with an average population density of Iraqis of 10.2 %; nine in Malmö with an average population density of Iraqis of 15.5 %; and 25 in Goteborg with an average population density of Iraqis of 13.1 % (Supplemental Fig. 1) . As a comparison, Iraqi immigrants make up only 2.1 % of the total sample population in these urban areas (Table 1) , and only 1.4 % of the total population in Sweden. We identified only 2 outlier SAMS, which were excluded from the analysis.
Psychopathology
Incident cases of non-affective psychosis and affective disorders from 2005 to 2010 were identified from nationwide psychiatric inpatient and outpatient registries. The quality of these registries in Sweden is very high [23] . For both conditions, we identified a ''broad'' and ''narrow'' case definition. The broad case definition of non-affective psychosis included schizophrenia and other non-affective psychotic disorders indicated by ICD10 codes F20 (schizophrenia, all subtypes), F22 (persistent delusional disorders), F23 (acute and transient psychotic disorders), F28 (other non-organic psychotic disorders) and F29 (unspecified non-specific organic psychosis). The narrow definition was limited to ICD10 code F20. The broad case definition of affective disorders included F32 (depressive episode), F33 (recurrent depressive episode), F34.1 (dysthymia), F40 (phobic anxiety disorders), and F41 (other anxiety disorders). The narrow definition of affective disorders was limited to ICD10 codes F32, F33, and F34.1. Prevalent cases (January 1, 2004-December 31, 2004) of non-affective psychosis and affective disorders (both broad case definitions) were excluded from analysis for each outcome, respectively.
Other covariates
Individual-level covariates included age, sex, educational attainment (categorized as B9 years, 10-11 years or C 12 years of schooling), income (categorized into quartiles), and first-or second-generation immigrant status. Because of the correlation between immigrant status and residential socioeconomic status (SES), we also accounted for neighborhood deprivation. As previously described [27, 36] , a neighborhood deprivation index at the SAMS level was compiled from information on (a) percent with low educational attainment, (b) percent with low income, (c) percent unemployed, and (d) percent receiving social welfare assistance. These components were combined into a weighted sum, with higher values indicating more deprived neighborhoods. This index was then standardized and categorized for analysis as low deprivation ([1 standard deviation (SD) below the mean), moderate deprivation (C1 SD below and B1 SD above the mean) and high deprivation ([1 SD above the mean).
Analysis
The goal of this analysis was to assess whether the incidence of non-affective psychosis and affective disorders in the Iraqi enclaves differed from that of the other SAMS, and whether this effect was consistent across three subpopulations: Iraqi immigrants, immigrants from other nations (excluding Iraq), and native Swedes. Models were estimated separately for these three subpopulations. Multilevel logistic regression was to assess the association between residing in an Iraqi enclave and incidence of psychopathology while accounting for the nesting of observations within SAMS. For each subpopulation, three models were estimated: Model 1: unadjusted, Model 2: adjusted for neighborhood deprivation, and Model 3: additionally adjusted for individual-level demographic characteristics and SES. Comparing the estimates from Models 1 and 2 illustrates the degree to which any effect of living in an Iraqi enclave has on psychopathology independent from that of neighborhood deprivation. Comparing the estimates from Models 2 and 3 illustrates the degree to which individual-level risk factors contribute to psychopathology risk, independent from those related to neighborhood context. Finally, we estimated the intraclass correlation coefficient (ICC), the proportion of variance in the outcome attributable to differences between individuals in different SAMS vs. differences between individuals within the same SAMS [7, 33] . The ICC ranges from 0 to 1; higher values indicate that individuals within the SAMS are more highly correlated than individuals in different SAMS. Analyses were completed using ArcGIS software (version 10), SAS (version 9.2) and MLwiN (version 2.021). All p values refer to two-tailed tests. Figure 1 illustrates the distribution of Iraqi enclaves and the cumulative incidence of non-affective psychosis and affective disorders in the three municipalities. Table 1 shows how the population composition and SES of the neighborhood varied as a function of the proportion of the SAMS that is an immigrant (first or second generation, from any nation). It indicates, consistent with prior work, that immigrant density was strongly inversely correlated with neighborhood SES; the average neighborhood deprivation score for SAMS with the lowest density of immigrants was 0.48 as compared to 4.15 for SAMS with the highest density.
Results
As shown by Table 2 , the overall cumulative incidence of psychotic and affective disorders was greater in the Iraqi enclaves than in the predominantly Swedish areas (6.3 % vs. 4.5 %). Overall, immigrants had higher cumulative incidence of affective disorders (5.9 % for Iraqi and 4.7 % for other immigrants) but not non-affective psychosis (0.5 % for Iraqi and 0.7 % for other immigrants) relative to native-born Swedes (3.9 % for affective disorders and 0.5 % for non-affective psychosis).
The relationship between neighborhood ethnic density and psychopathology varied across the subpopulation For immigrants from other nations, consistent with the residential segregation hypothesis, living in an enclave was associated with higher risk of both forms of psychopathology, but this relationship was entirely due to these areas having higher neighborhood deprivation (lefthand column, Table 4 ). However, native Swedes living in an Iraqi enclave had elevated risk of both affective disorders (OR: 1.12, 95 % CI 1.00-1.25) and psychotic disorders (OR: 1.36, 95 % CI 1.06-1.76) relative to Swedes living in predominantly Swedish neighborhoods, even after accounting for neighborhood deprivation and individual characteristics (right-hand column, Table 4 ). These relationships were similar for the narrow definition of the outcomes.
Discussion
In this study, we sought to explore and contrast the predictions of the ethnic density and residential segregation hypotheses of how ethnic enclaves relate to mental health. The primary finding of this study is that, in contrast to several prior reports of non-Western immigrants in other parts of Europe [14, 19, 20, 31, 32, 41] , our results did not support the ethnic density hypothesis (e.g., lower risk of psychopathology for immigrants living in ethnic enclaves) for Iraqi immigrants in Sweden. Our findings were consistent with the residential segregation hypothesis (e.g., higher risk psychopathology for immigrants in ethnic enclaves) for immigrants from other nations. Finally, our analysis of the native-born population indicates that living in an ethnic enclave is associated with elevated risk of psychopathology among native-born Swedes. Our findings are consistent with the conclusions of recent reviews of the ethnic density hypothesis for psychotic disorders which argued that the relationship between ethnic density and psychopathology is not uniform across immigrant groups [6, 32] . To our knowledge, this is the first study to examine the relationship between residential ethnic composition and psychopathology in Sweden, and among the first to examine this relationship among immigrants from the Middle East specifically.
There are several reasons why our findings differ from prior reports. The first pertains to the measurement of ethnic density, and specifically the identification of Iraqi ethnic enclaves. Our approach of using spatial autocorrelation to identify enclaves has not, to our knowledge, been widely applied in prior research of psychopathology. We feel there are several strengths to this method over other metrics, particularly the ability to quantify the degree of clustering relative to a specific null hypothesis. However, to more directly compare our findings to reports that have modeled neighborhood immigrant density as a continuous variable, we conducted a post hoc sensitivity analysis using this formulation and our findings were consistent with our main analysis (Supplemental Table 1 ). Another difference stems from our focus on Iraqi immigrants. To our knowledge, this is the first study to examine whether ethnic density is related to psychopathology for this group. The intersection of ethnic identity, experiences of discrimination, and expectations and attitudes toward the host nation is complex and differs for each migrant group [40, 42] . The complex relationship between these characteristics may, in part, be reflected by the findings regarding generational status and psychopathology among the Iraqi sample. Our results indicate that second-generation Iraqi immigrants have increased odds of non-affective psychosis, but not affective disorders, compared to first-generation regardless of their neighborhood context. While cross-national comparisons must be interpreted with caution given differences in immigration histories, these results are consistent with the greater prevalence of psychiatric disorders in secondgeneration relative to first-generation Latinos in the US [1] and among African and Caribbean black immigrants to Western Europe [26] . For example, it is common for Latinos living in the U.S. to ''shift back and forth'' between the customs, values, and traditions of two cultures, which may impose additional social and psychological pressures to assimilate while in a minority status position [1] , particularly if this process occurs in the context of exposure to discrimination [8, 40] . Unfortunately we do not have data on these psychosocial social constructs and experiences to test how these processes relate to psychopathology in the present study. Finally, there may be particularities about Sweden as a host nation that makes our findings differ from prior research; specifically, we note that high deprivation urban neighborhoods in Sweden have a higher concentration of both health-harming (e.g., bars, fast-food restaurants) and health-promoting (e.g., exercise facilities, health clinics) resources [17] than low poverty areas, which may contribute to our null findings. Our findings regarding the relationship between immigrant ethnic density and greater risk of psychopathology for native-born Swedes are consistent with the social drift hypothesis (e.g., severe psychopathology negatively impacts SES attainment) and replicate prior work on the health of whites who live in neighborhoods where the majority of the population is non-white (e.g., majorityminority neighborhoods) [14, 37] . Although our findings do not support the ethnic density hypothesis, we note that every immigration experience is unique (e.g., social norms, cultural customs, and resources of the immigrant group; the migration and acculturation process, including experiences of discrimination; and the norms, customs, and economic status of the host nation), and thus it is not surprising that findings regarding the relationship between ethnic density and mental health are mixed. We also note that the immigrants in our sample had higher cumulative incidence of affective disorders but not non-affective psychosis relative to the native-born population; this is consistent with other research showing that the cumulative experience of pre-migration stressors, the migration experience itself, and exposure to stressors after arriving in the host country, including experiences of discrimination, are important determinants of stress-related psychopathology such as affective disorders for immigrants [12, [38] [39] [40] .
These results should be interpreted in light of study limitations. Immigrant enclaves are characterized both by the people that live in them (e.g., immigrants with limited material resources) and by their physical environment (e.g., limited access to goods, services and other resources). We acknowledge that our reliance on quantitative data means that we have only a limited understanding as to how life differs for individuals (both immigrants and native Swedes) living in these areas as compared to predominantly Swedish neighborhoods [5, 22] . Finally, while we chose to focus on a single immigrant group to account for variation in migration history, we acknowledge that there is heterogeneity within the Iraqi immigrant population (e.g., religious affiliations) we were unable to capture with our data. While we feel that the strengths of our categorical definition of enclaves outweigh the limitations of this method, the results of our sensitivity analysis using a continuous measure were consistent with our main analysis. As with prior studies in the field, we have no information on immigrants who repatriated to their country of origin. Our assessments of psychopathology are limited to cases clinically identified in specialty care. Psychiatric care is readily available in Sweden in a universal manner; however, if immigrants who live in enclaves, particularly those with less severe symptomology, were less likely to access healthcare than those living in predominantly Swedish areas, this reduces our ability to detect a significant effect. This study also has a number of strengths. We were able to empirically identify Iraqi immigrant enclaves using GIS methods and our large sample and prospective design provided precision regarding the relationship between living in an immigrant enclave and risk of a broad range of psychopathology. Our findings add to the growing literature on the relationship between contextual factors and psychopathology, particularly for ethnic minority immigrants, and illustrate the complexity inherent in investigating the relationships between ethnicity and mental health.
